There have been investigated the process of generating polypropylene fibers filled with carbon nanotubes, their mechanical properties and biocompatibility. It has been found that the increase in the content of carbon nanotubes in the fibers of PP-CNTs increases the viscosity of the melt and reduces the elasticity. Biocompatibility testing of the fiber of PP-BHT showed a nonmonotonic effect of the content of tubes for compatibility of the polymer matrix with living tissues. It has been revealed that the composite with CNT concentration of 1.0 wt. % causes the least disturbance of the living organism and the tissue reaction to the implant has a local aseptic character.
INTRODUCTION
One of actual directions of polypropylene (PP) application is production of fibers that in particular are used as suture materials in surgery. For today in greater part the imported materials are applied in Ukraine. The domestically produced PP fibers are remaining of poor quality. Therefore an important question is not only to create the fibers with high mechanical state (characteristics) but, also, to research their compatibility with a living body [1] [2] [3] .
EXPERIMENTAL
Multiwalled carbon nanotubes (CNT (Fig. 1 ) obtained by catalytic pyrolysis are described in [4] [5] . For synthesis ferruginous catalyst was used obtained by coprecipitation of aluminium, magnesium, and ferrous iron hydroxides. CNT with average diameter of 10-20 nm were prepared in a 24 dm 3 reactor with stirring the catalytic layer by reactor rotation. Propylene obtained after propanol dehydration was used as a source of carbon. Optimum level of propylene conversion to carbon was about 80-97 %. Catalysts in process were mixed with progenies silica grade A300 to prevent CNT agglomeration. CNT were obtained as a powder with bulk density of 24-35 g/dm 3 and mass content 80-94 % (residual is catalysts and SiO 2 ). Specific surface of purified CNT with ash less than 1 % evaluated by argon desorption was 200-400 m 2 /g. Structural parameters of CNT and composite PP-CNT were obtained by transmission microscopy (JEM-100CXII) and X-ray diffraction method (DRON-3М, λ Со = 0.179 nm). The flux of isotactic PP grade 21060 ТU 05-1756-78 with CNT, its mass fraction was 0.05…5.0 % mass., mixed with a combined worm-disk extruder LGP-25 at speed 50 rot/min. Due to significant tensile stress that arises between mobile and fixed disks, the dispensing of CNT in polymer is improved. Initial samples of nanocomposite were obtained as granules. Further for study granules were chipped and pressed at 180 С and 5 MPa and stretched out into fibers.
Viscosity (η) fluxes of initial PP and system PP-CNT were determined by method of capillary viscosimetry on a CF-2 microfluidimeter in the range of fracture stress τ = (0.1-5.7)10 4 Pa at different temperatures (T) -190, 210, and 220 С. Elastic properties of nanocomposites were evaluated by swelling data B according method [7] . Guaranteed experimental error of determination of η and B was ± (2÷5) %. The behavior of flow η was characterized by the largest slope of the tangent at a curve's given point to the reaches to the axis of abscissas. The * corresponding author ysementsov@ukr.net
capability of the melt to the longitudinal strain was assessed by the maximum value of spinning draft (F max ) with a guaranteed accuracy of ± 7 %.
Rupture test was conducted on a 2167-P50 fiber tensile machine. Fibers have been recorded by winding on cylindrical latches. Load rate was 10 mm/min for lateral deformation. 
RESULTS AND DISCUSSION

Mechanical properties of PP -CNT fibers.
It is known that PP is one of the most environmentally friendly and biologically inert polymers. Therefore, one of the areas of its application is the use as suture material in surgery in the form of thin fibers and filaments. In order to working out procedures for obtaining fibers, there were investigated rheological properties of PP-CNT system melts, which showed viscosity increase with increasing CNT content ( Table 1) .
This result agrees with the conclusion that nanoscale additives determine thixotropic effect of solidification, which leads to an increase in polymers melt viscosity [8] . For compositions with low CNT concentration (0.05÷0.10 wt. %) the increase in η is small and within the error coincides with the effective viscosity (η E ) calculated by Einstein's formula for dilute suspensions:
where η 0 is viscosity of the medium, F -volume concentration of suspended particles.
The nature of flow characteristics of initial and modified melts does not depend on CNT content for all investigated temperatures and is described by a power function. As expected, the elasticity of melts compositions decreases with increasing concentration of CNT, as evidenced by decreasing value of swelling extrudes ( Table 1) . It is common for filled polymers and associated with reduced flexibility chains of macromolecules. Important scientific and practical result is to improve the capability of molten PP, modified with CNT, for longitudinal deformation: maximum possible spinning draft increases when CNT is added up to 1.0 wt. % that is due to the strengthening of melt flush by increasing viscosity (Table 1 ). The deterioration of melt mixture elastic properties is connected with the F max descending with increasing CNT concentration up to 5 wt. %.
Thin fibers with diameter 0.09 mm were produced from the initial PP and composites PP-CNT containing CNT 0.5 and 1.0 wt. %. Test results on the break filaments: averages disruptive force (P f ), breaking stress ( b ), breaking elongation (deformation) (δ v ) and their standard deviation (SD) are given in the Table 2 . The strength decreasing for tensile deformation and fracture was found for thin fibers at Polypropylene fibers filled with carbon nanotubes: mechanical properties and biocompatibility ______________________________________________________________________________________________ 0.5 wt. % CNT concentration. However, at 1.0 % weight concentration the effort and stress fracture of the composite exceed the following values as for the initial PP and for composite PP -0.5 % CNT. This effectively reduces the strain to fracture values for pure PP.
The most interesting of these results is that the samples containing CNT become more homogeneous: SD and relative SD properties have significantly lower values for samples containing CNT those for than initial PP samples. So due to the structure forming properties of CNT, the composites defects are decreased. The strength parameters obtained for PP-CNT fibers in comparison with strength characteristics of imported sutures are represented in Table 3 . The fibers of the PP-1.0 % CNT with values fracture stress 423 MPa at 20 % elongation are quite a decent place among imported ones. Biocompatibility of composite materials of PP-CNT system. Biocompatibility of nanocomposite samples was determined by the method described in [9] . Samples were implanted to back muscles of experimental animals. In order to obtain certain results and to reduce the number of animals in the experiment, four composite samples PP-CNT with different CNT concentration were implanted to animals. After four weeks samples excised together with surrounding tissues for subsequent histological studies of tissues and for samples surface investigation. The content of CNT in the polymer matrix nonmonotonously affects on its compatible properties with living tissues. The above-stated is confirmed by the data in the Table 4 , which show that the smallest thickness of fibrous connective capsule (as an indicator of the degree of body response to a foreign material) around the implant was the smallest in the case of sample PP-CNT with CNT content 1 wt. %.
Also, the degree of living body response was determined via changes in biochemical blood parameters: glucose, C-reactive protein, and cholesterol. Results of animals' blood serum biochemical analysis show that in glucose and Creactive protein significantly increased day after surgery (Table 5 ). These figures are typical of post-operative period and indicate that the animal organism responses to intervention.
After 4 weeks, all three parameters are practically indistinguishable from the original values. This indicates that tissues' response to implants has a local aseptic character. The difference is the thickness of fibrous connective capsule formed around the sample depends on its surface chemistry. According to preliminary data, nanocomposite with the concentration of carbon nanotubes at 1 wt. %, before the percolation transition in the PP-CNT system [3] , causes the smallest influence on a living organism. 
CONCLUSIONS
The inclusion of small quantities (  1 wt. %)of CNT to PP matrix increases the mechanical strength and uniformity of fibers on these properties, changes the state of the composite surface and affect on its compatibility to the living body.
